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THE COST OF CROP RESIDUES AS AN
AUXILARY FUEL SOURCE FOR GOAL-FIRED
POWER PLANTS
Cameron Short, Burton C. En glish, Steve K. Johnson
and Earl 0. Heady
Center for Agricultural and Rural Development
Iowa State University
Ames, Iowa 50011

Abstract
Estimates are made of the costs of crop residues as an auxilary fuel to existing
coal-fired power plants. Costs of crop residues include costs for foregone agro
nomic benefits of incorporating crop residues, and costs for harvesting trans
porting processing and boiler modifications. A range of cost estimates is given
depending on annual demand.

INTRODUCTION
Rising fossil fuel costs and discussions of energy
embargoes have created an interest in alter
nate energy sources. Che alternate and renewable
energy source considered is bicmass in the form or crop
residues.
Over twenty four percent of the energy in
the form of plant materials remain in the residues
(Nelson, Burrows and Stickler, 14), most of which are
left in the field following harvest. Estimates based
on Stanford Research Institute (18) data suggest that
the residue produced annually in Iowa would be suf
ficient to support the operation of over 11 1000 kilo
watt power plants, i.e., more than double Iowa's
existing generating capacity.

maintaining the system. The processing and handling
system, as perceived, and requires the reduction of
crop residues to a homogeneous size, short term storage
of the residues. Processing and handling costs are
subject to considerable economics of size so these
also depend on the power plant. Costs for the three
stages are converted to dollars per ton of crop
residue and then aggregated.
FAIW LEVEL COSTS
AGRONOMIC COSTS

How economically viable would crop residues be as
energy source? In this paper, one energy recovery
method is examined and the costs of crop residue's
estimated aid compared to more conventional fuels.
The costs of crop residues as an auxilary fuel for
coal-fixed power plants in Iowa are estimated in this
paper. The costs of crop residue will vary greatly
with the size and situation of a particular power
plant. Therefore a range of costs for crop residues
are givai with the important variables which influence
this range indicated.

Crop residues consist principally of the stalks and
leaves of crops such as c o m grown for grain. Pres
ently, some of these residues are removed or used
in situ for livestock feed. For the most part, crop
residues are incorporated into the soil. Hays and
silages, however, are cannon traditional crops in
which most of stalk and leaf material is removed.
The
removal of this additional material has possible ad 
verse agronomic results because of reduced soil o r 
ganic matter and moisture retention capacity, increased
susceptibility to erosion, aid the lost fertilizer value
of the plant material removed.

The costs of crop residues are estimated for three
stages of crop residue production and energy conver
sion. These three stages are (1) farm level, (2)
transportation, and (3) processing and handling at the
pcwer plant. Costs included in the farm level stage
are harvesting and agronomic costs with initial stor
age of the residues following harvest on the farm.
Transportation costs are estimated as a function of
unit transportation costs and the size and shape of
the collection area which depend on the situation of
the power plait. Processing and handling costs at the
power plait includes capital investment in buildings
and equipment, wages, and costs for operating and

Although organic matter is generally recognized as a
valuable soil amendnent, there is not a clear relation
ship between removing crop residues and yields. In a
thirteen year study of continuous c o m , Morachan,
Moldenhauer, and Larson (12) obtained ambiguous results.
In the early part of their study they experienced
lower yields vrLth the removal of crop residues. In
the latter part of their study, they f o n d that with
additional phosphorus yields of continuous c o m vrLth
crop residues aid those without crop residues were
similar. Adans, Morris aid Dawson (1) found that
the renoval of stalks had no effect on yields for
708

Table 1.

Nitrogen

Nutrient
Phosphorus
(pounds per ton)

22.22

3.59

26.75

Oats

12.50

3.27

33.26

Sorghum

21.66

2.91

26.2H

Soybeans

45.00

4.39

20.75

Wheat

13.33

1.45

19.37

N it rogen

Fertilizer value3 of
Phosphorus
Potass ium

Total
Value

- (dollars per ton)
Com

1.39

0.32

2.67

4.38

Oats

0.75

0.31

3.32

4.38

Sorghum

1.35

0.24

2.63

4.22

Soybeans

2.88

0.38

2.08

5.34

Wheat

0.76

1.93

2.79

There is a methodological difficulty in estimating the
value of crop residues for erosion control. Even if
the extra amount of soil loss per ton of crop residue
removed is quantified, it is not apparent how this
soil loss should be currently valued because of the
absence of a market price for soil loss. Therefore,
we used a different approach in estimating the erosion
control cost for crop residue ranoval. The cost is
estimated from a regional linear programming model of
the agricultural sector in Iowa. The model is used
to select the optimal pattern of production in Iowa,
including rotations and production practices for
various levels of crop residue collection for energy
conversion. Alternative solutions of the model are
obtained with soil-loss unconstrained and constrained
to the level of soil loss that occurs without crop
residue collection for energy conversion. The lower
level of soil-loss is obtained by forcing in different
rotations and production practices to satisfy the
soil loss constraint. The value of crop residues in
erosion control is calculated based upon the dif
ferences in the objective function. These values turn
exit to be surprisingly low varying from $0,015 to
$0.11 per ton for the levels of crop residue removal
evaluated.

Potassium

Corn

Crop

aPresent value calculated in 1975 dollars using a 10 percent
discount rate and prices per pound of 0.18, 0.26, 0.10 dollars
for nitrogen, phosphorus, and potassium respectively.

Amounts of nutrients per ton of crop residue
removed by type of crop.

Crop

Discounted present value of nutrients per
ten of crop residue removed by crop.

o

Substantial costs are incurred because of the loss of
the fertilizer value of the residues removed. Addi
tional amounts of the major plant nutrients, nitrogen,
phosphorus and potassium, have to be applied to main
tain yields. The estimated amounts of these nutrients
removed are shown in Table 1. The effect of the
removal of micro-nutrients are not quantified.

Table 2.

o

continuous c o m with and without a cover crop and for
c o m grown in rotation. Triplett and Mannering (20)
conclude that non-legume crop residues seem to have
little value except in controlling erosion. Kanpr (4)
actually found that adding crop residues had either
no effect or a slightly depressing effect on yields.
According to Shrader (15), in soils such as those
which characterize the C o m Belt, there is no relation
ship between organic matter and yields as long as
adequate fertilizer is present. Therefore, we assured
no yield penalty or other cost is incurred because of
reduced organic matter in the soil.

SOURCE: Adapted from William C. White and Donald N.
Collins (eds.), The Fertilizer Handbook.
Wash., D.C.: The
Fertilizer Institute, Jan., 1976.

When crop residues are incorporated into the soil not
all of the nutrients became available to the following
crop. The residues decay gradually over a period as
lemg as twenty years, releasing only a fraction of the
nutrients in any year. Indeed, seme of the nutrients
are leached or are lost through bacterial action and
never become available to succeeding crops. The fer
tilizer value of crop residues, therefore, is calcu
lated as the discounted present value of the nutrients.

HARVESTING COSTS
A large number of studies have been made of the costs
of harvesting plant materials using a variety of
harvesting systens. Five basic packaging systems may
be identified:
(1) small rectangular bales, (2)
cubing, (3) large squares bales, (4) large round bales,
and (5) stacks. Costs for the last packaging system
are used for representative harvesting costs in this
study. The first two systems are not used because
of higher costs. Costs for large round aid square
bales are not used because of difficulties in
handling and storing crop residues on the farm with
these systems.

A decay schedule giving the amounts of nutrients that
are mineralized in each year is used to estimate the
disctxnted present value of the flow of nutrients.
Broadbent (5), in a review of the literature on rates
of mineralization of organic nitrogen, pres ait a
range of rates from less than 1.0 to 10 percent. We
have assumed that 5 percent of the remaining nitrogen
becomes available in each year following incorporation.
The sane rate of decay is also assuned for phosphorus
(Nakashima, 13). Potassium however is not discounted
because it is readily washed out of crop residues and
becomes completely available to the succeeding crop
(Shrader, 16). The discounted present value of
httrients removed is given in Table 2. by crop.

Large stacks have several advantages for harvesting
crop residues for energy conversion. The crop residues
are harvested in one trip across the field. The stack
can then be deposited near the roadside without pro
tection where it will not deteriorate until picked up
for transportation to the power plait. Finally, truck
mounted stack-movers have been developed to facilitate
transfer.

Estimates of the cost for crop residues removal because
of additional erosion vary greatly. Allich et al (2)
charges a cost ranging from $3 to $10 per terr Buchele
(5) takes a credit for residues removal arguing that
Che stubble and trash that remains is sufficient for
ttosion control. He justifies the credit on the basis
Chat plowing vrould no longer be necessary to allow
efficient planting of the succeeding crop.

A wide variety of estimates of hay and forage harvest
ing costs are available but there are few estimated
for crop residues per se. Seme ccmpariable estimates

*

Power
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for hay and forage harvesting costs using a stack
harvester and a stack mover are given in Table 3.

Eldridge (8). Table 5 shows how transportation costs
per ten vary -with round trip distance.

The costs in Table 3 assumed, that windrowing would not
be necessary and that 1000 tons are harvested per year
per stack harvester. Most sources indicate that
harvesting costs per ton show economics of scale with
annual outputs of less than 1000 tons per year but
costs decline slowly at greater levels of output.*
Because the six-ton stacks are easier to transport, we
assume these are used even though they are ncre costly.
Harvesting costs are assumed to be $7.27 per ten which
is an average of the values given in Table 3 for the
six-ton stack harvesting system.

Table 4.

Table

3.

Items

Unit Cost
($/mile)

Variable Costs
Fuel (0.49 $/gal. -t 5.5 miles/gal)
Oil & oil filters
($11.84/oil change * 4500 miles/oil change)
Tires ($12.28/tire change ■* 80,000 miles/tire
change)
Wages ($5.47/hour -i 40 miles/hour)

Costs of stack harvesting forages assuming
an annual output of 1000 tens.

Cost
($/ton)
0.2033

0.0981

0.0743

0.0026
0.0154

0.0022
0.0128

0.1368

0.1140

($/year)
Fixed Cost
Interest & depreciation
(Initial Cost of $23,808)
Licence fees & highway
Insurance
Maintenance & repairs (65% of $23,808)
Overhead & management

Cost in Current Dollars Cost in 1975 Dollars^
3 ton
6 ton
3 ton
6 ton
System
System
System
System

Source

Costs estimate for transportating crop
residues for an average round trip distance
of 10 miles.

0.4004
3757.93
440.00
624.56
1521.17
3189.47

0.1578
0.0185
0.0262
0.0639
0.1340

($/load)
- (dollars per ton)
7.65
N .A .

Transfer cost
Wages ($5.47/hour x .75 hours/load)

Buchele3 (1975)

N .A .

Herrb (1977)

4.46

N .A .

4.20

N .A .

7.19

7.29

6.77

6.87

Successfull farmings

(1977)

.3419
$4.1025

.3419

7.65
Total costs per ton

Ayres'* (1975)

6.50

7.28

6.50

7.28

Edwards & Stoneberg6 (1977)

6.73

N .A .

6.34

N .A .

.9456

Annual interest and depreciation charges are calculated using a
capital recovery factor assuming a salvage value after 8 years of
$5692. and a discount rate of 10% with a square depreciation schedule.

Table 5.
Lesley F. Buchele, Department of Agricultural Engineering, Iowa
State University, Personal Communication, Oct. 19, 1977. Buchele's
estimate is for a 5 1/2 ton system rather than a 6 ton system,
b
Ronald John Herr, Economic comparisons for harvesting, storing
and feeding dry forages, unpublished M.S. Thesis. Ames: Department
of Agricultural Economics, Iowa State University, Nov., 1977.

Transportation costs per ton for various round
trip distances.
- - Round trip distance (miles) - - - - - 3
4
10
15
20
30
50

Transportation costs

0.72

- - - (dollars per ton) - - - - - - - 0.75 0.76 0.95
1.05
1.20
1.50
2.00

Costs for implements are from Successful Farming, May, 1977.
Method for calculating harvesting costs followed procedure in
George E. Ayres, Estimating farm machinery costs. Ames: Co-op.
Ext. Ser., Iowa State University, Nov., 1976.
Costs for implements are from George E. Ayres, Profitable
forage harvesting with large hay packages. Ames: Co-op. Ext. Ser
Iowa State University.
Sept., 1975. Method for alculating harvesting costs followed procedure in Ayres 0 £. sit.
W i l l i am E d w a r d s

erg.

E stim ated

1^77 Iowa farm
v e r s 1l v ,

Nov. ,

*Costs converted to 1975 dollars using cost index "Farm Product ion Items, Interest, Taxes and Wage Rates ' from Crop Reporting
Board, Agricultural pric :s. Wash., D.C.: SRS, USDA, Sept. 30,
1975 and Sept . 30, 1977.

TRANSPORTATION COSTS
Transportation costs are a small but important portion
of total costs. Transportation costs are an increasing
function of transportation distance so a series of
transportation costs are estimated for a range of
average round trip distances.**
Table 4 is presented to show how transportation costs
are calculated for ten mile round trip distance. For
round trip distances greater than ten miles, for
example, the number of trips per year would decrease
raising fixed costs per ton. The number of trips per
year is based on the 8 hour 248 day year. The time
required per trip is the sum of traveling time plus
time required for loading (30 minutes) and unloading
(15 minutes) . Traveling time is calculated from an
average speed round trip distance matrix given by

The average round trip distance depends upon the size
and shape of the collection area which in tu m , depends
on the total quantity of crop residues required by the
power plant and near-by power plants, the density of
crop residues produce in the areas, the demand for crop
residues from competing uses, notably livestock, and
the proportion of farmers that will participate in the
market for crop residues. A range of transportation
distances that may be expected in Iowa is given in
Table 6. The annual demands in Table 6 are based on
a 248 day year for transporting and processing crop
residues but sufficient storage at the power plant is
envisaged for continuous combustion of crop residues.
A daily capacity of 1200 tens would supply 52 percent
of the BTU's required in 1975 by a large (324.6 MW)
power plant in Des Moines. A daily capacity of 100
tens would supply 25 percent of the BTU's required by
a smaller (60.2 MJ) power plant in Ames (10).
■pue network or roads in the collection area determine
in part, the shape and size of the collection area.
Starr, Finn-Carlson, and Nachtskein (19) assume a
circular collection area. In most of the midwest, how
ever, the road system is a grid vnth roads running
East and West or North and South. The loci of points
an equal transportation distance from a power plant
form a dianend-shaped area. This is the shape of area
assumed for the marginal transportation distance in
Table 6. The marginal transportation distance is
selected so that the amount of residues available is
equal to the amount required by the power plant with

For example Buchele (7), Herr (9) , or A y m e s (3).
Using expected (average) round trip distances has implications for the institutional arrangements by
which crop residues are collected. If each fanner delivers his own residues and the power plant is not a
discriminations monopolists then the marginal distance should be used.
F
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Table 6.

Estimates of transpxortation distances and
costs for crop residues in Iowa.

Amount of Crop Residues
Daily demand Annual demand
(tons)

1200

Crop
Residue
Densities
(tons per
square mile)

297,600

One-Wav Distance
Marginal Average
(miles)

various annual demands given in Table 6. It is
assuned that all farmers participate in the market for
crop residues. The densities of crop residues reflect
crop residues available net of livestock demands. The
average transportation distance is two thirds the
marginal (or perimeter) distance.* The round trip
transportation costs are interpolated from Table 5
based on average round trip distances.

Round-trip
Transportation
Cost
(dollars per
ton)

U09a

10.28

6.85

1.02

898b

12.87

8.58

1.11

286c

22.81

15.21

1.52

1409a

8.90

5.93

0.99

898b

11.15

7.43

1.05

286c

19.75

13.17

1.39

1409a

7.27

4.84

0.94

898b

9.10

6.07

0.99

286c

16.13

10.75

1.25

1409a

5.14

3.43

0.85

398b

6.44

4.29

0.91

296c

11.40

7.60

1.06

1409a

2.97

1.98

0.76

PROCESSING OOSTS
PROCESSING AND HANDLING FLOWLINE

900

600

300

100

223,200

148,800

74,400

24,800

898b

3.72

2.48

0.79

286c

6.58

4.39

0.91

The costs of processing crop residue are estimated
frctn hypothetical processing plants as no facilities
exist that are both designed and built to prepare crop
residue for energy conversion. There is considerable
leeway in how processing plants may be designed and
therefore in possible costs. Presently, we do not
know whether the design selected is optimal or even
close to an optinun. The preconceptions of the
researcher are necessarily heavily incorporated into
the design. The costs estimated here are based on
designs that envisage the continuous combustion of
crop residue.
The flow line of the hypothetical processing plant is
based on municipal solid waste treatment plants, the
handling of forage crops, and the forest industry's
processing of wood residues. The flowline, as shown
in Figure 1, has four main elements: the tipping
floor where the crop residue is received, the size
reduction equipment (hog) ^diich reduces the material
to a homogeneously sized product, the storage
facilities, and finally the boilers modified to permit

^High crop residue density in Iowa (1970-1975 average).
Average crop residue density in Iowa (1970-1975 average).
Low crop residue density in Iowa (1970-1975 average).

Figure 1.

The flowline for a hypothetical processing plant

*
,r
rr-x
2
The expiected distance is found as
JQ
o
( X + y) (2/r ) dy dx = 2/3 r; where a co-ordinate
system in x and y is used, x + y is the transportation distance, r is p>erimeter distance, and 2/r^ = f
(x, y)
is the probability density function for a random selection fran anywhere within the p>erimeter.
,y
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the introduction of crop residue. Mechanical con
veyors are used both in and out of the hog and pneu
matic conveyors are used between the storage bin and
the boilers.

buildings designed to process municipal solid wastes.
Mechanical and installation costs are assumed to be
55 percent of equipment costs.

The trucks arrive at the processing plants with crop
residues and are weighed.
They then dump their load
on an enclosed tipping floor. The size of the tipping
floor is stiffifcient to hold one day's supply of crop
residue. A front aid loader then pushes the residue
onto a mechanical conveyor that feeds the hog. The
crop residue is chopped up by the hog. Fran the hog,
the crop residue is transported by mechanical con
veyors to storage bunkers. Storage is necessary for
a continuous supply of residue to the power plant.
Sufficient storage capacity for three days supply is
included to accommodate long weekends. Fran the
storage bunkers, the residue is conveyed pneumatically
to the boilers, moving from the storage bunkers to
the pneunatic pipes through air lock feeders. The
crop residue is driven through the pipe by the com
pressed air frcm blowers. This residue then enters the
boilers above the main combustion area where the crop
residue is burned.

Rolling stock consists of capital costs for a pick-up
truck and front-end loaders. Engineering and con
tingency costs are estimated as a percent of capital
costs according to each major classification of
capital expenditure. The costs of the pneumatic system
and for modification of existing boilers were those
incurred at Ames, Iowa in adapting to municiple solid
wastes as reported in Kosolcharoen (11).
Total costs for processing aid handling crop residues
are given in Table 8. The capital costs are converted
to dollars per ton as explained above.
Total costs also include operating and maintenance costs
and labor costs. A portion of operating and maintenance
costs are calculated as a percent of capital costs.
Additional operating aid maintenance costs are based on
such things as anticipated electricity charges. Labor
costs are the sum of the annual salaries for a super
visor, clerks, laborers and drivers for the front-end
loaders.

PROCESSING AND HANDLING COSTS
Table 8.
Estimates of processing and handling costs show con
siderable economies of size both for capital, labor
and other itons. The cost estimates are made for
processing plant sizes of 100 , 300 , 600 , 900 and 1200
tons of crop residue per day. The main elements of
the flowline, building size, and number of employees
are selected to acccnmodate the daily output.
Table 7.

Item

100

- (dollars)
112,390

135,601

145,678

153,743

160,085

Build ings

168,571

368,744

673,218

1,015,985

1,377,865

Equipment

666,397

951,676

1,150,777

1,390,695

1,532,288

38,128

51,429

95,764

95,764

95,764

Engineering and 249,107
i'ont ingency

330,635

450,244

586,889

689,799

Pneuaat ic
system

154,280

145,280

145,280

154,280

145,280

1.389,413

1,992,365

2,669,961

3,397,356

4,010,081

Rolling stock

Total

Capital costs

7.00

3.33

2.30

1.85

1.63

Operating and
Maintenance

3.02

1.86

1.44

1.30

1.23

Labor

2.64

.92

.64

.48

.36

Total

12.66

6.11

4.28

3.63

3.22

Total processing and handling costs expressed in
dollars per ton range frcm $3.22 for the 1200 ton per
day plant to $12.66 for the 100 ton per day plant.
Decreasing costs due to economies of size are greatest
for smaller plant capacities and show much smaller
gains at larger plant capacities. The economies of
size in processing and handling out-weigh diseconomies
of size in transportation evident in Table 6 indicat
ing that lowest total costs for crop residues will be
incurred for the largest power plants.

Processing plant capacity in tons per day
300
600
900
1200

Sitework

--- Processing plant capacity in tons per dav
100
300
600
900
1200
- - - (dollars per ton) - - -

Capital costs for crop residue processing
and handling plants.

Item

Processing and handling cost for crop
residues.

CONCLUSION
The total costs of crop residues are given in Table 9.
The farm level costs in Table 9 assume nutrient re
placement costs of $4.38 per ton for c o m or oat
residues. Transportation costs reflect average Iowa
residue densities as reported in Table 6. Farm level
costs account for 46-73 percent of costs depending on
annual capacity. Harvesting costs are 62 percoit of
the farm level costs with replacement of nutrients
accounting for almost all of the remainder. Trans
portation costs never amount to more than seven per
cent of total costs. The greatest variation occurs
in processing and handling costs trtiich are very
sensitive to economics of size at low levels of annual
capacity. Processing costs decline from 50 percent of
total costs to 20 percent of total costs at the largest
capacity.

The estimates for capital costs are given in Table 7.
Capital costs are estimated for buildin g s , sitework,
equipment, rolling stock, engineering and contingency,
and for adaption of existing boilers for the intro
duction of crop residues. Capital costs are then
annualized using a capital recovery factor assuming a
10% discount rate and a square type depreciation
schedule (Smith, 17). The processing equipment and
buildings are assumed to have a useful life of twenty
years. The pneumatic system is assumed to have a usefull life of six years. Salvage values are assumed to
equal dismantling costs.
Sufficient building size is included to enclose the
equipment and the receiving floor with storage capacity
of one day's supply of crop residues associated equipmait. The manufacturers were able to advise on the
sin lab ility of their machines for handling crop
residues. For seme items such as conveyors unit costs
together with an estimate of size are used to establish
cost. For itams such as fire protection, costs were
taken from engineering studies of the costs for
712

The costs of crop residues are compared in Table 10
to the costs of coals for power plants in central Iowa.
Costs are measured in units of energy expressed in
dollars per million BTU. The heating value of crop
residues are taken to be between six aid seven
thousand BTU's per pcxnd. Because crop residues con
tain virtually no sulfur their costs may best be c o m 
pared to western coals. Crop residues are more

Table 9.

Total costs of crop residues to power plant.

REFERENCES CITED
1.

Adams, W.E., H.D. Morris and R.N. Dawson, Effect
of cropping systans and nitrogen levels on c o m
yields in the Southern Piedmont region. Agronomy
Journal, Sept.-Oct., 1970.

2.

Allich, Join A. Jr. et a l , Pn Evaluation of the
Use of Agricultural Residues as an Ehergy Feed
stock; - A Ten Site Survey, Volune I. Menlo Park,
Calif.: Stanford Research Institute, July, 1977.

3.

Ayres, G.E., Profitable forage harvesting with
large hay packages. Anes: Co-op. E x t. Ser., Iowa
State Uhiversity, Sept. , 1975.

4.

Bauer, F.C. , Nitrogen problans in the Midwest.
SSSA proc., Vol. 7: 1942.

5.

Broadbent, F.R., Nitrogen in soil and water, in
Proceedings of a Symposium on Nitrogen in Soil and
Water, Mar. 30, 31, 1971. Guelph, Ont., Canada:
Department of Soil Science, University of Guelph.

6.

Buchele, Wesley F . , A progress report, direct
combustion of crop residues in boiler furnaces,
in Bictnass - a Cash Crop for the Future. A
Conference on the Production of Bio-mass from
grains, crop residues, forages and grasses for
conversion to fuels and chsnicals. Kansas City,
Missouri: Midwest Research Institute, March, 1977.

7.

Buchele, Wesley F. , Department of Agricultural
Ehgineering, Iowa State University, Personal
Ccmainication, Oct. 19, 1977.

8.

Eldridge, C.L., The potential for improved trans
portation of raw and beneficiated coal in Iowa,
unpublished M.A. Thesis. Anes: Department of
Economics, Iowa State Uhiversity, Nov., 1977.

9.

Herr, R.J., Economic comparisons for harvesting,
storing, and feeding dry forages, unpublished M.S.
Thesis. Anes: Department of Agricultural Eco
nomics, Iowa State Uhiversity, Ncrv., 1977.

Processing plant capacity in tons per year
24800
74400
148800
223200
297600
Farm level costs
Transportat ion costs

11..68

11..68

0..79

0..91

(dollars per ton) - 11..68
11..68
0 .99

11..68

1..05

1..11

Processing and
handling costs

12..66

6.,11

4,.28

3..63

3..22

Total costs

25.,13

18. 70

16..95

16. 36

16..91

expensive than coals but the difference is not great
for large capacity danands. Unfortunately, the large
power plants which could obtain the cheapest crop
residues also have lower coal costs because they are
able to receive unit trains. With rising m e r g y and
labor costs, the price of coal may rise relative to
crop residues sufficient to make crop residues an
economic scurce of energy. The large transportation
component in costs of western coals may be important
in this respect.
Table 10.

Costs of crop residue compound with coal.

Item

Processing plant capacities in tons per day
600
100
300
900
1200
-

-

-

- (dollars per million BTU)

-

-

-

Wyoming coal*5
(Des Moines)

1.04

1.04

1.04

1.04

1.04

Wyoming coal*5
(Ames)

1.10

1.10

1.10

1.10

1.10

Illinois coalc
(Des Moines)

0.91

0.91

0.91

0.91

0.91

Illinois coalC
(Ames)

0.96

0.96

0.96

0.96

0.96

Crop residue
(6000 BTU/lb)

2.09

1.56

1.41

1.36

1.33

Crop residue
(7000 BTL'/lb)

1.80

1.34

1.21

1.17

1.14

-

Costs for coal include minehead costs (average 1975) plus
transportation plus $1.30/ton for transfer. Minehead costs are
from Division of Fuels.
Data and Division of Coal, Coal-Bituminous
and Lignite, 1975. Wash., D.C.: Bureau of Mines, U.S.D.I., Feb.,
1977. Transportation costs are from C. L. Eldridge, The potential
for improved transportation of raw and beneficiated coal in Iowa,
unpublished M.A. thesis. Ames:
Department of Economics, Iowa
State University, Nov., 1977.
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Personal Cccmunication, Mar., 1977.
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Anes: Technical paper, Department of Industrial
Ehgineering, Iowa State Uhiversity, 1977.
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Morachan, Y.B., W.C. Moldenhauer, and W.E. Larson,
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properties. Agronomy Journal, March-April, 1972.

13.

Nakashima, T . , Department of Land, Air and Water
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Nelson, L.F., W.C. Burrows and F.C. Stickler,
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paper no. 75-7505, Dec., 1975.

15.
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Kansas City, Missouri: Midwest Research Institute,
March, 1977.

Transportation costs are for a unit train
c_
Transportation cost are for a 15 car train

Finally we would like to point out the generality of
our results. The costs of crop residues as a source
of energy at a particular site will depend upon a large
lumber of variables specific to the site. At the farm
level, a critical variable is soil type.
In the Mid
west, the soil type is not likely to be a limiting
factor. Transportation costs are not likely to be a
major concern but density of residues produced, danands
for residues for other uses, and the proportion of
fanners that participate in supplying crop residues
are likely key variables. The processing and handling
costs estimated are fairly subjective but we believe
are the right order of magnitude and demonstrate that
fairly large scale units are needed. The costs
estimated are for energy conversion in existing coalfired power plant because we feel existing power plants
offer the greatest scope for using crop residues as a
source of energy. But the costs we have estimated
are, for the most part, applicable in any centralized
energy conversion system.
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